Background: Neuroendocrine tumors (NETs) are rare, which has resulted in a lack
| INTRODUCTION
Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors originating from peptidergic neurons and neuroendocrine cells; these tumors can be divided into neuroendocrine tumors (NETs), neuroendocrine carcinomas (NECs), and mixed neuroendocrine/nonneuroendocrine neoplasms (MiNENs). 1, 2 NETs are rare with a low incidence, which has contributed to a deficiency in large epidemiologic studies of patients with this disease. However, the Surveillance, Epidemiology, and End Results (SEER) program showed an increase from 1.09 new cases per 100 000 in 1973 to 6.98 per 100 000 in 2012, an increase in 540%. 3 The
United States, Norway, Japan, and South Korea have established similar databases. However, only single-center reports have been published, the number of cases is small, and survival analyses in China are scarce.
| MATERIALS AND METHODS

| Research objective
In all, 547 patients with a pathological diagnosis of NET who presented at the First Affiliated Hospital of Zhengzhou University between January 2011 and April 2018 were enrolled. Patients with medullary thyroid carcinoma, pheochromocytoma, and paraganglioma were excluded. Relevant case data were obtained from the pathology database of the First Affiliated Hospital of Zhengzhou University. This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University. The pathologic diagnosis of all cases in this study was assessed by two professional pathologists.
| Pathological diagnosis
The pathological diagnosis of gastroenteropancreatic neuroendocrine tumors (GEP-NETs) was based on the World Health Organization (WHO) Classification of Tumors of Endocrine Organs, which was published in 2017, 2 the Consensus on Pathological Diagnosis of Gastroenteropancreatic Neuroendocrine Tumors in China 1 was referenced to classify NETs into G1, G2, and NET-G3 grades. The pathological diagnostic criteria for lung and mediastinal NETs were based on the WHO Classification of Tumors of the Lung, Pleura, Thymus, and Heart, 4 which divides these NETs into typical carcinoid and atypical carcinoid tumors. The clinical staging of NETs was performed according to the American Joint Committee on Cancer Cancer Staging Manual, 8th edition. continuous variables are expressed as the mean and standard deviation, and significant differences between groups were assessed with independent samples t tests. Categorical variables were analyzed using the Chi-square test. The KaplanMeier method was employed for survival analysis, and log-rank tests were applied for comparisons among groups. When calculating the survival rate, the specified end point event was NET-related death. Survival at the end of the follow-up period was recorded as censored data. Statistical significance was assessed by two-tailed tests with an α level of 0.05.
| RESULTS
| Clinical information
Among the 547 patients with a pathological diagnosis of NET at the First Affiliated Hospital of Zhengzhou University between January 2011 and April 2018, the age range was 9-87 years, the average age was 50.2 ± 13.8 years, the peak incidence age group at diagnosis was 50-59 years, and the sex ratio (male to female) was 1:1.1 (265/282). The proportions of age ranges were as follows: 161 patients were 50-59 years old, accounting for 29.3%; 143 patients were 40-49 years old, accounting for 24.9%; and 100 patients were 60-69 years old, accounting for 19.3%. The average ages of males and females were 51.1 ± 14.1 and 49.3 ± 13.5 years, respectively, and the difference was not statistically significant (t = 1.5, P = 0.1).The average diameter of the primary tumor was 2.7 ± 3.0 cm (range, 0.1-20.4 cm), as based on postoperative resection specimens or imaging examinations performed before surgery.
| Primary tumor sites
Of all NETs, 413 were located in the digestive system, 74 were pulmonary, 15 were mediastinal, 8 were of unknown primary origin, and 37 were located in other sites (Table 1) . Of the 413 digestive system NETs, the pancreas, rectum, and stomach were the most common sites, and the patients with NETs in the duodenum, liver, appendix, gallbladder and common bile duct, jejunum/ileum, colon, and esophagus comprised a relatively small proportion of all patients (Table  1) . Sixty-one patients had insulinoma, and two patients had VIPoma. 
| Common metastatic sites
| Pathologic features
Among the 392 patients with GEP-NETs, which accounted for 94.9% of all patients with digestive system NETs, the most common tumor grade was G1, followed by G2 and NET-G3 ( a temozolomide regimen, and 5 (0.9%, 5/547) received octreotide treatment. Thirty-eight patients (7.0%, 38/547) received postoperative adjuvant chemotherapy, and 95 patients (17.4%, 95/547) received only supportive treatment (some patients received multiple treatments); targeted therapy and radiotherapy were rarely used. Of the 63 patients with NETs that metastasized to the liver, six patients underwent hepatic chemoembolization, eight underwent liver radiofrequency ablation, and five underwent hepatectomy; the remaining underwent resection of the primary lesions or chemotherapy.
| Follow-up and survival
All patients were followed up by telephone. The duration was from the date of pathological diagnosis to the date of death or the last follow-up, which was on September 5, 2018. The follow-up rate was 72.4%, and 151 patients were lost to follow-up. The overall median survival time of the patients with NETs was not observed during the observation period due to the relatively short follow-up period and low mortality of patients with NETs. The relationships between age, sex, stage, grade, treatment or tumor size and prognosis of patients with NETs were analyzed. The statistical analysis showed that an age <50 years, female sex, lower grade, lack of distant metastasis, intestinal NETs, and surgery were associated with a favorable prognosis; in contrast, tumor size was not related to prognosis (data are shown in Table 2 , and survival curves are shown in Figure 1 ).
| DISCUSSION
NETs have been consistently considered rare tumors, 6 but a significant increase in the incidence of NETs in the United States, 3 Norway, 7 and China [8] [9] [10] has been reported in recent publications. A large sample size of autopsy reports from Sweden showed that the annual incidence of NETs between 1958 and 1969 was 8.4 per 100 000, which is much higher than the incidence rate in clinical reports from the same period; this indicates that many NETs may remain asymptomatic and have no clinical significance. 11 Our group studied 547 patients with NETs. The male to female ratio was 1:1.1, which is not in agreement with the rate reported by Chi et al 8 (1.9:1) and Taiwan 12 (1.6:1), as both studies reported more men than women with this tumor. However, the ratio is consistent with that in a report by Qiu et al 9 (1.1:1) and data from Norway 7 (1.1:1) and the United States 3 (1.1:1), in which the numbers of male and female patients are essentially the same. The average patient age was 50.2 ± 13.8 years, and the peak incidence age group at diagnosis was 50-59 years. These findings corresponded to the results of Qiu et al, 9 who
reported that peak disease incidence occurred at 51-60 years of age, while Chi et al 8 reported that peak disease incidence occurred in an older age range of 60-69 years; similarly, a peak disease incidence at 65 years or older was reported in the United States. 3 The United States, 3 Taiwan, 12 and Chi et al 8 reported case data before 2012, but Qiu et al 9 and this study used records collected after 2011. Therefore, the difference in the peak incidence age group may be related to the improvement in people's health awareness, the continuous improvement of endoscopic technology, imaging and other examination methods, and the application of immunohistochemical staining, which allows asymptomatic patients to be detected early. It was found that the average diameter of the primary tumor was 2.7 ± 3.0 cm and that tumor size was not related to prognosis. However, Chi et al 13 and Pasaoglu et al 14 reported that a larger tumor diameter results in a worse prognosis, and this finding may be related to the research objective. The research objective of the present study is to distinguish NETs that do not include NEC. Since the prognosis of NETs is good and the sample size of the present study is insufficient, the relationship between tumor size and prognosis cannot be elucidated. Our follow-up analysis showed that the 1-, 3-, and 5-year survival rates of females were higher than those of males, and this difference was statistically significant (P = 0.04). The 1-, 3-, and 5-year survival rates of patients younger than 50 years were higher than those age 50 years or older, and the difference was statistically significant (P < 0.01). The low incidence of NETs has contributed to the deficiency in large epidemiologic studies of patients with this disease. Therefore, this study retrospectively analyzed the clinical data of 547 patients with pathologically confirmed NETs treated at the First Affiliated Hospital of Zhengzhou University between January 2011 and April 2018 and explored patient epidemiological characteristics, clinical features, treatment methods, and prognosis. Dasari ). Similar to other national and international data, in this study, the gastrointestinal system and pancreas were the most common primary sites. The top three most common primary sites in China were the pancreas, rectum and stomach, while in Japan and South Korea, they were the rectum, small intestine and stomach. In the United States, the most common primary sites were the small intestine, rectum, and pancreas, and in Norway, they were the small intestine, appendix, and pancreas. This variation may be related to differences in race, geography, and diet. Differences were also observed in common sites in different centers in China, which may be related to different treatment approaches. The prognosis of NET patients is related to the primary tumor site. The follow-up analysis showed that the 1-, 3-, and 5-year survival rates of the patients with intestinal NETs were higher than those of the patients with pancreatic NETs and that the survival rates of patients with pancreatic NETs were higher than those of patients with gastric NETs, and the difference was statistically significant (P < 0.01).The proportion of NET-G1 tumors among all rectal NETs was significantly higher than that among the pancreatic and gastric NETs, while the proportion of NET-G3 tumors among all gastric NETs was significantly higher than that among the rectal and pancreatic NETs. The prognosis of NET-G1 tumors was significantly better than that of NET-G2 and NET-G3 tumors. It can be concluded that the prognosis of rectal NETs is superior to that of pancreatic NETs and gastric NETs, which may be related to the tumor grading proportions (Table 2) . NETs can be functioning or nonfunctioning. Nonfunctioning tumors can be asymptomatic or may present with nausea, abdominal pain, weight loss, intestinal obstruction, and bleeding. Functioning tumors, in contrast, secrete peptides and neurotransmitters, such as serotonin, histamine, and tachykinins, which cause the typical carcinoid syndrome. Functioning tumors can also secrete other hormones, such as insulin, glucagon, parathyroid hormone related peptide, vasoactive intestinal peptide, and growth hormone. Excessive secretion of these hormones can lead to clinical manifestations such as hypoglycemia, hyperglycemia, hypercalcemia, diarrhea, and acromegaly. 18 The first symptom is closely related to the primary site of disease. The most common symptoms of gastric and rectal NETs are abdominal pain and abdominal distension, and those of lung NETs are cough and hemoptysis. These observations are consistent with other reports from China. 8 Ki-67 index labeling and grading have become essential for the prognostic assessment of GEP-NENs. The latest WHO classification of tumors 2 changed the Ki-67 index distinguishing G1 and G2 NETs to 3% and introduced a new category of well-differentiated neoplasms, NET-G3, in addition to the previous categories of NET-G1 and NET-G2. The differential diagnosis between NET-G3 (well-differentiated) and NEC (poorly differentiated) might be difficult, and the authors of the WHO classification therefore suggested the use of a number of immunohistochemical markers to facilitate distinction of the two entities. Even if these changes actually concerned only pancreatic NETs, they would probably be applied to all digestive NETs. NET-G3 is consistent with the concept of highly proliferative NETs (well-differentiated, Ki-67 index more than 20% and <60%) proposed in China in 2013. 1 Morphological features are still the gold standard for distinguishing subgroups of lung NETs, and the value of the Ki-67 index in lung NET classification is still being investigated. 19 Of the 392 patients (71.7%) with GEP-NETs in this study, 52.3% were G1, 37.0% were G2, and 10.7% were NET-G3. The follow-up analysis showed that the 1-, 3-, and 5-year survival rates of G1 patients were higher than those of G2 patients, and that those of G2 patients were higher than those of NET-G3 patients; this difference was statistically significant (P < 0.01).
No uniform solution currently exists for the treatment of NETs. Surgical resection is the preferred treatment for NETs, and generally, for locoregional or recurrent localized NETs, surgical resection should be considered if the majority (more than 90%) of the gross disease can be resected safely. 20 Primary tumor resection in patients with metastatic NETs is currently controversial, but for patients with clinical symptoms mainly caused by the primary tumor, removal of the primary tumor is recommended. 21 In this study, 77.7% of the patients underwent surgery. The follow-up analysis showed that the 1-, 3-, and 5-year survival rates of the patients treated with surgery were higher than those of nonsurgical patients, and the difference was statistically significant (P < 0.01).
In patients with inoperable NETs, the goal is to control endocrine-related symptoms and tumor growth and prolong survival. Nonsurgical treatment options mainly include somatostatin analogs (SSAs), multikinase inhibitors, targeted therapies, chemotherapy and radiolabeled SSAs. 22 SSAs, including octreotide long-acting repeatable, lanreotide, and pasireotide, are treatments for NETs at the earliest stage, and as antisecretory and antiproliferative agents, they are mainly used to alleviate the symptoms of carcinoid syndrome and to control tumor growth in symptomatic and asymptomatic, unresectable, high-tumor burden patients with well-differentiated NETs. In addition, there is a consensus that SSAs should be used regardless of somatostatin receptor imaging results in patients with carcinoid syndrome. [23] [24] [25] Among patients with refractory carcinoid syndrome not adequately controlled by SSAs, telotristat ethyl is the appropriate drug of choice. 23, 26 ENETS consensus guidelines recommend systemic chemotherapy as a different treatment option for pancreatic NETs, as this can be used in G1 and G2 tumors. However, systemic chemotherapy is not recommended for nonpancreatic NETs unless the NETs have a Ki-67 index >15%, display invasive biological behavior or are negative for somatostatin receptors. In pancreatic NETs, streptozotocin combined with 5-fluorouracil is an established cytotoxic therapy combination. Since streptozotocin has not been marketed in China, temozolomide in combination with capecitabine is generally used. Temozolomide is a therapeutic option for bronchial carcinoids based on data from a small study. 27, 28 Recently, Crespo et al 28 reported 65 patients with metastatic or unresectable NETs treated with capecitabine and temozolomide in daily practice in patients in whom the primary tumor location included the pancreas, lungs, stomach, ileum, and jejunum, among others, and showed that the median progression-free survival of this combination for pancreatic NETs and nonpancreatic NETs was 18.4 and 15.3 months, respectively. We thus have reason to believe that a capecitabine and temozolomide chemotherapy regimen may be a promising and feasible option in terms of efficacy and tolerability for patients with either pancreatic NETs or nonpancreatic NETs. In this study, eight patients received a temozolomide and capecitabine regimen, four received a temozolomide and tegafur regimen, two received a temozolomide regimen, and five received octreotide treatment. Targeted drugs, such as everolimus or sunitinib, may be used as first-or second-line options in patients with pancreatic NETs. Everolimus may also be recommended for nonpancreatic advanced NETs. 29 Metastasis is the most important factor that affects the prognosis of NET patients. In NET-G1 and NET-G2 patients, surgery with curative intent should always be considered, even if liver and/or lymph node metastases are present. Cytoreductive surgery, orthotopic liver transplantation, local ablation, and intraarterial therapy all improve the prognosis of patients with locally advanced or metastatic NETs. More than 50% of patients with GEP-NENs have been reported to have liver metastases at diagnosis. 30, 31 The optimal treatment sequence for different treatments remains controversial, and most patients have metastatic disease at the time of diagnosis. Therefore, the development of a treatment plan for each patient requires multidisciplinary discussion, and integration of locoregional and systemic approaches to maximally improve patient prognosis is the current treatment trend. In this study, the most common site of NET metastasis was the lymph node, and the most common site of NET blood metastasis was the liver. Of the patients with liver metastases, 71.4% had GEP-NETs. Of the 63 patients with NETs that metastasized to the liver, six underwent hepatic chemoembolization, eight underwent liver radiofrequency ablation, five underwent hepatectomy; the remainder underwent primary lesion resection or chemotherapy. Other common metastatic sites were the lungs and bones. The follow-up analysis showed that the 1-, 3-, and 5-year survival rates of the patients without metastasis were higher than those of patients with metastasis, and this difference was statistically significant (P < 0.01).
| CONCLUSIONS
In summary, the incidence of NETs is low, the gastrointestinal system and the pancreas are the most common primary sites of NETs, and the prognosis is good. The difference between China and other countries is that small intestinal NETs are quite common in other countries but are rare in China.
No uniform solution exists for the treatment of NETs, but surgery is the cornerstone treatment. Nonsurgical treatments include SSAs, targeted therapies, chemotherapy, and radiolabeled SSAs. In addition, China still needs to establish a national NET database to improve our understanding of NETs.
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